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REDUCTION OF THE CONCENTRATION OF 
DNDESIRED COMPOUNDS 

Uris invention xelatea to a process for leducing tho concentcatioii of one or 
5 more tindesited compounds in a conipositlon oontaining those compounds 
and one ot more desired compounds. 

Moro particularly, the present invention relates to a process far reducing the 
concentration of undesinsd conqKninds such as (but not limited to) sulfur 
10 and^or nitrogen oantaining compounds in inorganic matnials such as (but 
not limited to) alkali metal and alkaline eaxth metal haUdes, especially 
fluorides such as calcium fluoride or potassium fluoride. 

Calcium fluoride, CaF2, is a by-jwoduct of many industrial processes. Fot 
15 example, it is a by-product of HF-oatalysed alkylation reactions perfermed 
in tiiB oil-refiniikg industry. The spent HF catalyst from these reactions is 
typically neutralised using potassium hydroxide, KOH. This generates 
potassium fluoride, KF, and water, containing excess KOH. The KOH can 
then be subjected to any suitsble further processing. For example, it is 
20 ^ically recovered from the KF for recycling by a neutralisation process in 
which a suitable agent such as calcium hydroxide Ca(OH)a is added to Ac 
KF in KOH solution. This reaction produces calcium fhioride, CaF2 as a 
by-product 

25 CbFx obtained in Has manner is contaminated and is in the form of a 
malodecous, oily residue ttat renders it useless as a feedstock for any of its 
commcm uses such as p rep a ration of hydrofluoric acid and in metal- 

1 
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woikmg. Tbc residue contains many compounds that contribute to flic 
malodour. These oonqpounds arc Ifaou^t to be mainly sulfiir and/or 
nilzogen cpntaining oontpounds. The smell of the residue makes the CaFj 
unpleasant to work with (other than within a totally closed system or a very 
well ventilated Aime-capboazd, which is not always practical) and the 
waxy/ofly eonsistmcy of the zesidnc makes the CsFz difficult to work with- 
There is idso a quantity of KOH bound in the CaFz and this also makes this 
CaFa unusable as a feed material. At present, CaFz generated m this way is 
sent as diemical waste to landfill sites. 



It is an object of the present invention to provide a process that can be used 
remove undesired compounds jSrom inorganic materials. It is a particular 
ofajject of the invention to provide a process that can be used to render CaFa 
generated in the manner described above useftd. However, it will be 
15 BpEmdated that the process described may be used to remove wdesired 
oonipotmds fitom CaF2 cbtained in other ways and from other inorganic 
materials. 

W098/24518 describes a process for removing organtc solvents from a 
20 mass of material. This process CQnfq>iises contacting the mass of material 
with a C1-C4 fluorinated hydrocarbon solvent so as to charge the fluorinated 
solvent wilii the oxganic solvent and separating Ihe charged solvent from the 
lemainder of the mass of material. 

25 The listing or discussion of a prior-published document in this specification 
should not necessarily be taken as an acknowledgement that the document 
is part of -Qie state of the art or is common general knowledge 
2 
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The present tovemdon provides a new process for leducing Ihe ooncentralion 
o£ one or more undesired compounds in a composition containing those 
coiopounds and one or more desiced compounds. 

5 

AoooidJng to the prescmt invention, there is provided a process for treating a 
coinposition comprising one or more undesired compounds and one or more 
desired COTtpounds so as to reduce flie concentration of at least one of the 
undesired codtipounds, which process comprises the steps o£ 
10 (1) contacting the composition -vwifh an extraction solvent comprising 

a Oiydio)£iuorooarbon, and 
(2) sepaiathig Uae solvent from the one or more desired compounds; 
wherein one or more of ihe desired confounds is an inorganic material, 
.{novided tiiat water is not &e only desired material. 

IS 

In the process of the invention, the vndesned compound(8) axe extcacted 
into the extractian solvent in step (1) and are thus removed fiom the desired 
compound(B) when the solvent is separated ftom the desired componnd(8) in 
step (2). 

20 

Frefexable the desired inorganic material is a halogen contaiDing inorganic 
matBdal, such as a metal balide, for example an alkali metal or alkaline 
earth metal halide. More preferably the desired inorganic material is a 
fluorine contaimng inorganic material, such as a metal fluoride, for example 
25 an "iVaH metal fluoride such as potassium fluoride or an alkaline earA metal 
fluoride such as calcium fluoride. 



3 



The process of the present invention can be used to remove any undesired 
componnds Aat can be extracted fiom the desired compounds by fbe 
extraction solvent undBr the conditions used. 

5 By the term ^'undesired cozapounds" we mean any con^)ound that ha9 an 
imdesirable effect on Ifae properties of desired compound(s). For example, 
the undesired compounds may efifect the smell, chemica] properties, 
physical properties or the morphology of the desired cotnpound(s}. 

10 The present invention is particularly suitable for tibie removal of odoriferous 
cotoponnds, such as those that caxise a momentsory or even a lingering 
malodor. 

As used herein, the words "remove'\ "removes'' and "removed" nsed with 
15 reference to the undesired compounds are intended to indicate a reduction in 
the amount of the undesired compound and not its complete removal imless 
explicitly stated 

Odoriferous compounds Xtx&t may be removed usmg fh& process of the 
20 present invention include, biit are not limited to, sulfur and/or mtrogen 
containing coirpounds. 

-The pfocesa can reduce the concentration of inorganic and/or organic sulfur 
and/or nitrogen containing compounds. It is particularly advantageous to 
25 use the process to reduce the oonoentcation of orgaiuc sulihr and/or nitxog^ 
containing impurities bec^u^c these can typically be more difficult to 
remove usmg standard techniques known to those skilled in the art. 
4 
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By ttie term "organic sulfUr containing compounds", we mean compounds 
containing at least carbon and sulfur, optionally including odier atoms such 
as ]iydrog«i» nitrogen and oxygen. Organic sulfur containing compounds 

5 that may be removed using the process of fho present invention include, but 
axe not limited to, those containing up to 10 carbon atoms, prBfinabiy 1 to 6 
carbon atoms, &ey may be stxaig^ chain, branched or cyclic conqrafunds 
and may optionally contain o&er hetro atoms sudK as oxygen or nitDOgen, 
the number of sulfur atoms in the molecule is not limited and may for 

10 example be 1,2 or 3. 

By the term •inorganic sulfijr containing compounds", we mean compounds 
eontainiiiig at least sulfur, optionally including other atoms such as hydrogen 
andoTqpgean. 

15 . 

Exanqples of sulfur contaoaung compounds fltat may be removed using die 
inventive process include, but are not limited to, oaAxm disulfide carbonyl 
sulfide, dimediyldisQ]£de, ethancddol, diediyldisulfide, 1.3-dihydro-2H- 
iimda2olc-2-fliionc, 2-(methyltliio)-piopane, 2-(meihylthio>butane, 1- 
20 {methylthio)-butane, metbylcthyldisulfide, 2-(efliytthio>-butane, sec-butyl 
isopropylsulfide, l<ethylthio)-butane, l-Kmefhylethyl)thio]butane and 
bis[2-(efli}ddiio)efhyl]ether. 

By the term "oxganic niiiogen containing compounds", we mean 
25 oonqMnmds coataining at least carbon and nitrogen, optionally induding 
other atoms such as hydrogen, sulfur and oxygen. Organic nitrogen 
containing conqjounds that maybe removed ushig Ihe process of the present 
5 
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inventi<»i inclnda but aore not limited to liiose oonlftuiliig up to 10 caxbon 
atoms, preferably 1 to € cazbon atomB, Aey may be strai^ ebain, bniushed 
or cyclie oompoimds and may optionally contain other hetro atoms audi as 
oxygen or sulfiir, the nimiber of nitrogen atoms to the molecule ia not 
s limited and may for isxainple bo 1 , 2 or 3. 

By the tenn '^inoiganio nitrogen contsuning ccunponnds**, we mean 
oontpounds containing at least nitrogen, optionally including atba atoma 
sucb as hydrogen and oxygen. 

10 

£xanq)les of nitrogen containing compounds that may be remoVBd using flie 
inventive process include, but are not limited to, ammonia, nitromeftiane, 
mettiylamine, dimethylanrine, trlmethylamin©, LDA (lithium 
diisopropylamide), hydroxylamine, uieas, eithylamine, diediylamine, 
IS trie&ylamine, l,3-dihydro-2H-imidBzx]le-2-thione, N,N-dimethyl- 
ethanethioatnide and 2,2^dimethoxy-N-methy)'-ethanamine. 

The process can ^pically be used to remove the undesixed compounds so 
that ihsy are present at a level that does not effect ^ properties of the 
20 desired compounds. For exan^le, the process may ^ically lemovo at leasT 
50% by weigbt, more preferably at least 90% by weight and even more 
prefeiably at least 98% by weight of the undesired compounds. 

Beware treatment^ each undesired compound is typically present in the 
25 compositions at levels of fiom the limit of detection to about 5% by weight 
For example, compounds soch as l,3-dibydn>'2H-imidazole-2-€iione» 
N,K-dimediyl etihanefliioamid^ 2-CmethyltMo)-pxopaaB, dimethyldisulfide, 
6 
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2-(mothylthio)-butane. l-(methylthio)-butaiie, inofhylfifliyldiBulfidob 2- 
(ethylthio)-butane, sec-butyl isoprppylsulfide, l-(cthylthio)-butene, 1- 
[(tiiB(iiyl«byl)thio] batano, 2.2-dUimcflioxy-N-inethyl ethanamino andbisp- 
(etliyIthio)eaiyl] elhor may each be present in an amount of up to 0.1% by 
5 weiglit. 

When fh© process is used to lemove sulfur containing eon^unds, it 
preferably reduces flie oonoenbation of those compounds to levels below 
the limit of detection by standard equSpment, i.e. 80 that they are virtually 

10 entirely removed. By the term "limit of detection", we mean flie point at 
which ihe sulfur containing compounds cannot be detected by smell aixd/or 
by gas chromatography with pulsed flame photometric detection set to 
*^ul£bi" mode. For exan«)le, flie limit of detection by gas cfaromatogr^hy 
may be «t levels of appraamately 5 ppb and below. Thus, the process is 

IS preferably efiEbctive at lemoving malodor caused by sulfiir containing 
ooDopounds. 

Similarly, when Urn process is used to remove mtcogen containing 
cotid^ounds, it preferably reduces flie concraitrotion of those oompoimds to 
20 levels below flie limit of detection by smell or by standard equipment, Le. so 
that fl»y are virtually entirely removed. Thus, die process is prdfcrabty 
efifective at removing malodOT caused by nitrogen contaxntng compounds. 

The process does not necessarily reduce the coacentration of every one of 
25 the one or more undesired compound, but it may do so. 



.7 
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The composition to be treated by flic process of fhc present invention can be 
in any suitable fonn. For exannple, it may be in flxe foim of a «olid| a 8luny» 
a liquid or a solution. 

S If the conQ)08ition to be treated is a solid or 9emi-solid it may be dissolved 
or dispersed in a solvent before it is brought into contact with the extraction 
solvent If Hie composition has a ^Vaxy'* consistancy, is a semi-solid or 
oflicrwise cannot be fbmied into a powdery solid it is advantageous for it to 
be dissolved txt formed into a slurzy prior to treatment as this lirovides an 
10 increased sui&ce area for contact wifli the .extraction solvent. Suitable 
solvents include water- 

The extraction solvent tibat is used in the process of the present invention 
contains at least one O*ydro)fluarocarbon. By the term 
15 '^(hydro)£luorocarbon'' we mean a compound selected tcotn the group 
consisting of Ihe hydrofluorocaibons and the pezfiuorocarbons. By the term 
^%ydrofluorocaib<Hi*' we mean a compound which contains only carbon^ 
hydrogen and fluorine atoms. 

TJie extraction solvent sliioul^ of course^ be izT liqiiid form. Where the 
solvent comprises one or more low boiling compounds which are gases at 
room temperature, the required liquid form may be attained by cooling tiie 
solvent to a suitably low temperature or by subjecting it to super- 
atmospheric pressures at some point before it is contacted with the 
2S composition. 

8 
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Suitable perfluoTooai^ous Inoluda hexafluoioeliiane (R-116) azid 
octafluoropropane (R-218). 

Suitable hydrofluozocaibGDS include the hydiofluaiamefhanes, the 
5 faydrofluoroethanes and the hydrofliioropropanes, such as trifluorometliane 
(R-23), fluoiQiiietbane CR.-41), difluoromethaae (R.-32), peatafiuoroediaiiB 
(R-125), 1,1,1-irifluoroethaiie ^-I43a), l.l,2>tBtraflaaroethane (R'134). 
l.l.l^tetraflnotoeaiano (R-134a), 1,1-diflucwoethane CR.-JS2a), l.l.i;3,3- 
pentaflucoopropaae (R-245fa), 1.1,2,2,3-pentafluoiiopropane (R-245ca), 
10 l,l,l,2^-f>ontafluorqptopano (R-245eb), l;lA3^-pentafluoropropanc ^- 
245ea), 1,1,1^,3-hexafluoropropane (R-236Ba), 1,1,1,2^,3- 
heacafiuoippropane (R.-236cb). l,l.l,3,3>hexafluorbprop8ne (R-23€fe), 
l,l,l,2^;3,3-htptafkioropiopaiie (R-2Z7ea) and 1,1,1^2,3,3- 
heptafluoiopropanB (R-227ca). Particulariy piefetred hydrofluowatbons 
15 include R-134a, R-245fii, R-235ea and R-227ea, cspedaHy R-134a. 

Solvents containing mixtures of two or nioEe CbofdTO>fluoiocBibonB may be 
used if desired. 

20 Tbe extiaotian solyent dut is used in the prooeas of the present invention 
may also comprise a oo-solvent in addition to the Chydzo)fl,uorocaibon. 

Suitable co-solvents hiclude, inter alia, fluorine fiee and more paiticulaily 
halogen free conqjounds. Suitable halogen free co-solvents will iypically 
25 have a boiling point of SO'C or below, for example in the nmge of ftom -8S 
to 80*C. The preferred co-solvents have a boiling point of eO'C or below, 
for example in the range of from -85 to 60*C, preferably 20*C or below, for 
9 
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example in range of from -70 to 2a''C, and more preferably 10»C or 
below, for exaitiple in the range of ftom -60 to 10*C. Mixtures of two or 
more co-solvmts may be used if desired. 

s Suitable co-sdvents may be selected ftom the Cm, paiticularty the C^a 
bydroCfttbon compounds by which wo mean cooipounds oontaining only 
caAon and hydrogen atoms. Suitable hydrocaibans may be aliphatic or 
alicyclic. Prcffeaed hydrocarbons are the aDcanes and cyoloalkanes, with 
alkanes such as eHiane, n-propanci i-propane, n-butaiie and i-bmane being 

10 especially preferred. 

Oiiux suitable co-solvents include flie hydrocaibon ethers, by which we 
mean oo^^)onnds having Ac foimula R^-O-R* in which R* and are 
independently hydrocaAyl grouja contaiiung only carbon and hydrogen 
15 atoms, such as Cm and preferably do alkyl groups. ErefSsrred dialkyl 
ethers mdude dimethyl eth^, methyl ethyl ether and diethyl ethn. 

Still fbither suitable co-solvents may be selected ftom tfie amides, 
sulphoxides, alcohols, keton^, carboxylic acids, catboxyiic add 
20 derivatives, inorgaoic acids and nitio compounds. 

Profened amide co-solvents inchide the HW-diaUgrlamidas and 
alkylamides, especially dlme£hyl£ciimamide and foxmamide. 

25 Prefeied sulphoxidc co-solvents inchide the dialkylsulphoxides, especially 
dimethylsulphoxide. 



10 



Id/OT 2000 00:46 PAZ 01100622201 BRIC POTIBR CLAXKSON 121016 



10 



Prefeired alcohol co-solvents include the aliphatic alcohols, pardcolfldy the 
alkanols. Preferred alkanols are selected ftom fhe C,^, particularly the Cm 
aUcanoK wifli methanol, ethanol, 1-prqpanol and 2-propanol being 
especially pieffaned. 

VxeSand ketone co-solvents include the aliphatic Tcetoncs, particularly flie 
diaUgrl ketones. A particularly preferred diallgrl ketone is acetone. 

Piefened carboxylic acid co-solvents include fbnnic acid and acetic acid. 

Preferred carboxylic acid derivalivcs for use as co-solvents include Ae 
anhydrides, especially acedc anhydride, and the Ci^, particalarly the C1.3 
alkyl esters of Cm, particulaiiy C,^ alkanoio acids, especially efli>i acetate. 

15 Preferred aitro compounds for use as co-solvents include the xiitajalkancs 
and nilcoaryl con^unds, \vith nittomelhane and nitrobenzene being 
especially preferred. 

The extraction solvent typically comprises from SO.O to 100 % by weigjit, 
20 e.g. from 50.0 to 99.5 % by weight, of a (hydro)flaorocafbon and from 0 to 
50 % by weight, e.g. from 0.5 to 50 % by weight, of a co-solvent Preferred 
exlxaotion solvents comprise fcoro 70.0 to 100.0 % by weight, e.g. from 70.0 
to 99.0 % by weight, of the (hydro)fljiorocafbon and from 0 to 30 % by 
weight, e.g. from 1 to 30 % by waghl, of the co-solvent Partioulflily 
25 prefefired extraction solvents comprise from 80.0 to 100.0 % by weiglrt, e.g, 
from 80.0 to 99.0 % by weight, of the Oiydro)fluorocarbon and from 0 to 
2O.0 % by weight, e.g. from 1 .0 to 20.0 % by wei^t, of Ae co-solvent. 
11 
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ilio compositicm of th^ extraction solvent blend oan be varied duxing the 
oouxse of the eTUraction proccBS to enhance the lesolution of the separation. 

5 If ihe co-50lv6nt is a flammable material, which will bo Ihe case with the 
hydzocaxbon, hydrocarbon ether and alkonol co-solvents identified abov^ 
tiien the extraction aolvent will preferably comprise 8u£5oient of a non- 
flBmmsd)le (hydzo)fLuorocari)on to render the solvent aon-flammable 
overall. Where the extraction solvent is a blend of one or more compounds, 

10 &e resulting blend may be zeotropic, azeotropio or aaseotrope-like. 

As the skilled peracn will appreciate, the (hydro)fluorocarbon(s) and 
optionally GO-soivent(9) can be selected depending on the nature of the 
ondesired compomidCs) to be extracted so as to enhance extraction. 

15 

The process of the present invention is particularly suitable for removing 
contaminants fiom calcium fluoride, CaiF2* Ptocessas for synthesiaing CaF2 
typically provide eifiier a wet slurry ofCeHPj containing water and any solid 
or liquid contaminants or a "cake" of CaF2 where the liquid has been 
2D separated from the CaFj hut potentially leaving it contaminated with solid 
or semi-solid coii5>ounds. The syndiesis of other insoluble inorganic 
halides often produces the product in similar foans. 

The process of the present invention can be used to reduce the concentration 
25 of contaminants in such insoluble inorganic halides^ espedally fluorides. 
For example Lt can be used to remove odoriferous ooixxpounds flom CaFi 
and thus leave CaFj without odoux or with a significantly reduced odour, 

12 
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Additiozially» it has siuprisingly been foimd that the process of the present 
invontion may improve fhe moq>hology of CaFi, xoakmg it more suitable 
for uses such as HP synthesis and metal-working. 

5 In a preferred aspect, the present inventLon provides a process compiising 
contacting a solid composition of CaFi and contaminating material such as 
odoriferous material or a slurry of such a composition in water with a 
(hydro)fluorocarbQn containing extractive solvent such that the 
oontamininating material is extracted into the extractive solvent. Preferably 

10 flie solvent is R-134a. If a sl\UTy is used, it typically cxmtains 5 to 30% 
w/w, for example, 5 to 10% w/w CaFi in water. 

Hie process of Ihe invention can also be used to remove undesirable 
materials fiom aqueous solutions of inorganic fluoride^ such as potassium 
IS fluoride. Such solutions typically contain 20 to 40% wAv of the inorganic 
fluoride in water. However, the skilled person will fi5)preciatB flhat the 
amount of inorganic fluoride in solution will d^>end on &ctots such as the 
solubility of the fluoride and fixe process that was used to produce it 

20 In a preferred aspect, the present invention provides a process comprising 
contacting an aqueous solution of .KF and eoutamiDatmg material such as 
odoriferous material, which may contain up to 10% KOH with a 
(liydro)fluorocarbon containing eoctractive solvent such that the 
contaminating material is ^tracted into the extractive solv&at Preferably 

25 the solvent is R-134a. 



13 
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After an aqueous solution of a soluble inorganic fluoride has been subjected 
to the process of ^ inventiod, it may optionally be precipitated by Hhc 
addition of any suitable inorganic salt such as an morganic hydroxide. For 
exaoq>le a KF solution may be precipitated by the addition of a calcium salt 
5 such as quickrlime» hydrated lime or Ca(OH)2 which gives CaPi and KOH, 
both of which can be used in other ways. 

Hie conQ>osition to fae treated may be contacted with the extraction solvent 
in any suitable manner ftat would be readily appaxeiDt to the person of 
10 ordinary skill in the art For example, sixiq>le mixing may be used If the 
composition is in the form of an aqueous solution, the eKtractive solvent 
nnay be contacted vnUx the solution in a co- or counter cuzxent fisLghion. 

The extractive solvent is preferable R-l34a. 



The extraction solvent after contacting the composition, may be removed 
by any standaiid. meChod known m tiie art For example, when the 
conqposition is a solid, the extraction solvent is decanted to leave the solid. 
If the composition is a aluny, the desired compound(s) will typically remain 
"20 in an aqueous phase and the extractive solvent can be r^oved by phase 
separation techniques, tf the composition is in the form of au aqucoiis 
solution, the extractive solvent can be removed by standard liquid-liquid 
separation techniques. 

25 Once due extractive solvent has been removed &ani the cotttposition^ the 
contaminated solvent can be regenerated using any suitable method. For 
example, the contanunated solvent can be evaporated to leave a residue 



15 
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oantainmg the undcsiied compounds. The vaporised solvent can be 
ctrptuzed and, if appropriate, recycled to another wrtraction. stoied or used 
for another purpose. 

5 The ptoooss of the present Invention is usually condactied at a temperature 
In the range of from -30 to 7<yC. Operating tempcratuies at or below 
ambient, e.g. in the range of ftom 0 to 30*C, are preferred. 

The piocess of flic present invention maybe cosnduoted at atmospheric, sub- 
to atmospheric or super-atmospheric pressures.' The precise operating^ 
win depend, niter dia, on thfl extraction solvient that iff use4 parties 
boiling point Preferred operating pEessures axe m the range of from 6.1 to 
200 bar, more piefettfbly hi the range of ftom 1 to 30 bar and particolarly in 
ta& range of &om 3 to 10 bar. 

15 

A combination of temperature and pressure is selected so (baX the extraction 
solvent is liquid under the conditions used. 

The composition which, is finally obtained fixan the process of flie present 
20 invention may be used as it is or, alternatively, it may be acat^ected to one ot 
more fbrther processes, fbr exanqple to puxi^ flie composilion fiirfticr or to 
isolate a given ccfnstitaent or constituents contained in the oonq>osition. 

It should also be ^predated that a composition to be treated may be 
25 Bubjected to the process of the present hivention more than one time in 
order to reduce the content of utidesired compounds still furflier and 
produce a product that is richer in the desired conipouiids. 
15 
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M such a process, the coiDposition may be subjected to repeated contacts 
with one extractive solvent or subjected to contacts with more Aan one type 
of solvent. Repeated contact will fiirther reduce the content of the one or 
5 more undcsired compounds. 

TypicallVp the composition to be treated may be contacted with the 
extractive solvent as many times as necessary to improve tfie properties of 
the desired conq)ound(8), for exan^le remove malodor and/or so that no 
10 nndesired compounds are detected usins standard techniques. The number 
of times that a composition is contacted witih the solvent depends on a 
number of factors, such as the initial level of the undesirable compounds. 

Typically, it is not necessoiy to subject the composition to any additional 
15 trcatment(s) prior to or after Uxo process of the present invention in order to 
give the required level of purity^ for example to ensure that tiiere is no 
malodor. 

However, if desired, the process can include one or more additional 
20 puiij^ing steps, wincH may be condnctea befbre and/or aner tne process ot 
flie present invention. The additional purifying steps may reduce the 
concentration of undesiied compounds that are reduced/removed by the 
process of tiie present invention or they may remove other undesired 
compounds and/or improve other propeities of the desired compounds such 
25 as Ihear morphology. 



16 
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Tho apparatus fliat is used to carry out the process of tiio pwseni inveotttion 
may employ a solvent recovery system which removes the solvent ftom the 
eluate recovered by eviration and then condenses the resulting solvent 
vapour forieuse. 

5 

A suitahle lecoveiy system for low boiling pwnt solveats, by which we 
moan solvents having a boiling point of ZS-XT or below, e.g. 0"C or below, 
coirqjrises an evaporator into which tibie eluate emergfaig from the process is 
passed, a compieasor for con5)reB5ing the vapour generated in the 

10 cvspeteiXor and a condenser for cooling the compressed vapour emerging 
fiom the compressor. The solvent is removed ftom the eluate in the 
evaporator by flash evaporation induced by suction firom the compressor 
and the solvent vsspovx so generated then passes to the compressor, which 
may be a ^^artiwgw eosopressor, where it is coitqiressed. From the 

15 coiiq)ressor, the solvent vapour passes to fhd condenser where it is cooled 
and returned to liquid form, for reciharging to the process or passibly to a 
solvent reservoir supplying solvent to fhe process. Tho condenser, which 
may take the form of a coiled tube, can be arranged inside the ev^orator so 
that the latent heat of condensaHon provides at least some of the energy 

20 required to evaporate the solvent, the remainder being supplied by the work 
done by the compressor. 



A further suitable recovery system for low boiling point solvents comprises 
a solvent recycling citouit comprising an evaporator into which liie eluate 
IS emerging fiom. tfce process is passed and in which the solvent is evaporated 
and a condenser in which fte v^our emergiiig fiom fte evaporator is 
cooled and returned to liquid form for recharging to the process or possibly 

17 
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to a solvent reservoir supplying solvent to Ao process* Heating of the 
evaporator and cooling of flio condenser may be carried out independently, 
but in apteferred embodiment an wrtemal heat pump system is used to both 
heat tho evaporator and to cool the condenser. The external heat pomp 
5 system comprises an evaporator, a compressor^ a condenser and an 
cxptsDBion valve which are sequentially arranged in a circuit through which 
a heat transfer flwd is caused to flow. The evaporatdr of the external heat 
pump system, wh3ch may take tfieform of a coiled tube, is arranged inside 
or around the oul^de of the condenser of flie solvent recycling drcuit so 
10 that evaporation of the heat traiisfer fluid in the evaporator cools the 
condenser and provides for the condensation of the solvent vapour passing 
trough the solvent recycling circuit The vapour generated in the 
evaporator of the eTKtemal heat pump system is then compressed and passes 
to flic condenser where it condenses and gives off heat The condanser of 
15 the external heat pump system, which may also take the form of a coiled 
tube; is arranged inside or around the outside of the evaporator of the 
solvent recycling circuit so that the latent heat of condensation associated 
with the condensatioa of the heat transfer fluid provides the heat required to 
evs^rate the solvent passing thioug^i flie solvent recycUng drcuit. The 
"20 condensedheat transfer fluid is then returned through an expansion valve to 
the evaporator so completing ^e cycle in the external heat pump system. 

As an alternative to an ext^al heat pump system, an extonal circulating 
heat-transfer fluid may be used to transfer the heat of solvent condensation 
25 'to ^ evaporator vessel to provide heat for solvent evaporation. 



18 
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The process of the present invention may be operated in a, batch, batch 
continuous ot continuouB &shian. 

The ptesent invention is now ilhistrated but not limited by the following 
I .5 Bxanq;>le. 

■ 

Exanq^le 

2g of CaFj which was contaminated with residues fi?om an alkylation 
10 process were placed in a glass aerosol botfle, about 10ml of water was 
added and the mfacture shaken to produce a sluiry. An aerosol fitting wias 
then secuzed onto the tq? of the vessel to seal it. Liquid R-134a was then 
admitted to fhe vessel and the contents shaken for about 30 seconds. The 
reaction was performed at ambient temperature (about 22^C) and a pressure 
■15 of«|)proximatBly7bar. 

,1 

Two phases were deaily visU>le although clear separation of tiie two phases 
was not observed. la order to speed up the separation of the two phases fhe 
solution was placed in the ftcezer (about -22°^ for 30 minutes after which 

20 it was removed to room temperamxB. The R-134a was immediately vented 
into a glass beaker wheteugpon contact it vaporised leaving bdbind an 
odoiiferous residue. All flie Il.l34a was removed in this way and when it 
was deemed that only tihie semi-ftozen CaF2 sluny remained this was vented 
into another glass beaker. This was allowed to warm to room tacQpefamre 

25 and the water allowed to evaporate. 

The residual CaFj had feint detectable odour. 
19 



An in^tovemeiiit in the tnotpliology of the CaFz was also SMXt Hie 
contaminated CaPa was a beige ooloufed solid that was not evenly divided 
and was prone to ••dumping" (Le. it was a wet cake). The CaFa obtained 
S after iho prooess had loat most of its colour and could be broken into a 
powder. 



20 
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Claims: 

1. A process for treatmg a composition compxismg one or more 
undesiicd compomds and one or more de$ired compounds so as to 

5 reduce the concentration of at least one of Ibe undasixcd compounds* 

which process oon^srises the steps of: 

(1) contacting the composition wjih an extraction solvent compdsing 

a (lLydro)fluoiocaiboTi, and 
QX) separatmg the solvent &om the one or nouoie desired compounds; 
10 wherein one or moie of the desired compounds is an inorganic 

n:iaterifl], provided that water is not the only desired material. 

2. A process according to claim 1, wherein the inorganic mateiial is a 
halogen containing inorganic material* 

15 

3» A process according to claim 2, wherein the inorganic material is a 
fluorine containing inorganic material. 

4. A process according to claim 3, wherein the fhioone c<mtaining 
20 material is an aScaJi metal fluoride or an alkaline eaxth metal fluoride. 



5. A process according to claim 4, wherein the fluorine containiog 
material is calcium fluoride or potassium fluoride* 

25 6. A process acconlmg to any one of the preceding dlaims, wherein at 
least one of the undesired compounds is odoriferous. 



21 



A process acooiding to any one of fhe preceding claims, wherein at 
least one of tfie undesited ooxnpoimda a sulflir and/or nitrogen 
containing compound. 

A process according to claim 7, wherein tiie \mdesiied sulphur 
containing conopound is at least one of caibon disulfide, cafbonyl 
sulfide, dimelhyldisulfide, efhanethiol, dicdiyldisulfide^ 1,3-dihydio- 
2H-iniidazole'2-liiione, 2-<methyIthio)-pc<qpane, 2-(me11iylthlo> 
bataxie, l-(mefliyItfaio>-butBne, meOiyleOiyldisulfide, 2-(e&yltbio> 
butane, seo-butyl teopropylsulfida, l-(6thylfliio)-butane, 1- 
[(mediyledi:^)ttiio]butane and bis[2^(etfaylthio)ediyl]ether. 

A process according to claim 7, wherein tiie unde^ired nitrogen 
containing conopound is at least one of cunmonia, nitromethane, 
xnethylamine, dimeOiylamine, tnmethylanmie, LDA (lithium 
diisopropylamide)^ hydroTcylamine, ureas,' ethylamine, diethylamine, 
triediylamine, I^-d3hydro-2H-iznidazol6-2-thione, N^N-dimethyl- 
efhanetfaioamide and2,2-d]meflioxy-N-methyl-ethanamine. 

-so — m Apxuuaa accotdiqg; - td - toyon6 " 0fthe pit i cj^^ 

composition is in the solid state or in the fbim of a slurry. 

11- A process according to any one of claims 1 to 9, wherein the 
composition is in the liquid phase. 

25 

12. A procecss as claimed in any one of the preceding claims, wherein the 
extxaction solvent conq3Enses at least one (hydro)fluorocarbon 

22 




S 8. 

10 

9. 

15 
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selected from the (hydro)fluotonjelliancs, the (hydro)£luorQcfliane8 
andtfie 0)y<3ro)£luoiopEOpane8. 

13. A process m daimed in olalm 12, wherein the extraoHon solvent 
comprises at Least one (hydTo)flu<nocaibon selected fiom 
tdfhiorometiiane (Rr23). fluoioxnethane (R-41X diflooiomethane (R- 
32), pentafluoroethane CR.-125), l.-lJ-trifhloroeflianB CR,-143b), 
l,l,2^tctcaflaoroeaiBne (R-134)» l,l,l>tetrafhioroefliane (R-134a), 
l,l-difluoroe4ane (R-152aX l,l,i,3,34)entafluoropropane (R- 
245fe), l,l,2;2,3-pentafluoroprc>pane CR-245ca), 1,1,1,23- 
pentafluoropropane (R-245d>), l,i;z,3^-pentafluoioptopane (R- 
24Sea), l»l»l|2^^-liexafluQn>piopaiie CR-236ea), 1,1,1,2,2,3- 
hexafluotopiopane (R-236cb), l,l,l,3,3>hexafliioroptopane (R- 
236fo)» 14,l,2;3,3,3-hqptafluonpropBne (R-227ea) and 1,1,1,2,2^,3- 
faeptafluoiopEapane (R-227ca). 

A process as claimed in daim 13, y^lierem the extraction solvent 
comprises at least one compound selected from 1,1,1^ 
tetrafluoroethaue (R-134a), l,l,l,3,3^ntafluoropropane (R-245fa), 
l,l,lA3,3-hex8fluoropropaiis (R-236ea) and 1,1,1,2^,33- 
beptaflucttopxopane (R-227ea). 



10 



15 



14. 



20 



25 



15. A process as claimed in claim 14, wherein the extraction solvent 
conqnisea 1,1,1,2-tetcafhioroediane 0K.-134a). 



23 



16. A process as claimed in any one of thopcocedUboi^ 

extraction solvnt comprises a oo-solvant in addition to the 
(hydio)£Iuorocaibon. 

S 17. A process as claimed in claim 16, wherein the oo-solvent is halogen 
fircc. 

18. A process as claimed in any one of the pzecedEng claims which is 
conducted at a tenr^eratture in the range of from 0 to 30^C, 

10 

19. A process as claimed in any one of flie preceding claims which is 
condaoted at a pressure in the range of from 1 to 30 bar. 



24 
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AbfltTftCtt 

Title: REDUCTION OF THE CONCENTRATION 
OF UNDESIRED COMPOUNDS 

5 

A process for treating a coxEq)08ition comprising one or more undesired 
compoiinda and one or more desired compounds so as to reduce die 
concentration of the one or more undesired coinpoimds is desraibed. The 
process compzises the steps of: 

10 (1) contacting the coiiQ)osition with an extraction solvent comprising a 
(hydro)fluorocarbonp and 
(2) separating the solvent from the one or more desired conqpounds; 
wheiexn one or more of die desired coenponnds is an xnoigaiuc material 
provided that water is not the only demred xnateriaL The process is 

IS particularly suited to reducing the content of sulfiir snd/or nitrogm 
containing compounds in inorganic fluorides. 
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